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THERMOELECTRIC BRIDGE IR DETECTOR 

FIELD OF INVENTION 

This invention relates to microbolometers more particu 
larly to the utilization of a thermoelectric bridge to cool the 
detector during readout to increase sensitivity and increase 
frame rates. 

BACKGROUND OF THE INVENTION 

In focal plane arrays, current microbolometer uncooled 
technology is based on micro-machined structures that sup 
port a thermally sensitive material Which involves a change in 
resistance in material based on incoming infrared radiation. 
When an array of such detectors is utiliZed, each of the indi 
vidual detector elements is thermally isolated from its base or 
substrate through the utiliZation of relatively thin conductors, 
tWo per detector, Which go from contact pads on the detector 
and snake about to contact pads on the substrate. The purpose 
of this type of mounting system is to provide a loW thermal 
conductivity mounting device. The reason for the loW thermal 
conductivity is to increase sensitivity. This means that all of 
the incident energy is converted to a signal and is not leaked 
out by virtue of heat exiting through the mounting apparatus. 

During the detector readout procedure a current probes the 
resistive element and the change in resistance over an initial 
iZed value is read out. HoWever, passing electricity or current 
pulse through the detector to be able to readout the change in 
resistance heats the detector. 

Note that the voltage corresponding to the incident IR 
radiation is read out during the current pulse. After the read 
out, the current is removed and the temperature increase 
dissipates back to an equilibrium temperature. As Will be 
appreciated, one must let the detector cool doWn betWeen 
cycles Which means to promote rapid cooling one needs a 
good thermal conductor for the mounting device for the 
detector. By rapidly cooling one could achieve a high frame 
rate. 

HoWever, using a high thermal conductivity mounting 
device severely reduces sensitivity. There is therefore a need 
for some type of mounting device that Will not affect good 
sensitivity, yet permit high frame rate readouts. 
The high frame rate is a requirement for heat seeking 

missiles in Which there are high dynamics in the scene. In 
order to be able to track rapidly moving images one needs a 
frame rate in excess of 200 frames per second. HoWever, 
because of the need for loW thermal coe?icient mounting 
devices for sensitivity, the cool doWn of the detector after a 
readout pulse is much too sloW for such an application. 

Moreover, other circuit elements in the IR detection system 
throW off heat and it is for this reason that it is desirable to 
thermally isolate the detector from its substrate as much as 
possible. This as Well as sensitivity is the reason for the 
utiliZation of the thin electrical conductors Which do not 
result in a signi?cant amount of heat being transmitted from 
the substrate to the detector or vice versa. 

There is hoWever a further problem With the thin serpentine 
electrical conductors. The use of these thin electrical conduc 
tors in a looped or serpentine structure in Which the detector 
in essence sits unanchored to the substrate but for the con 
ductors takes a considerable amount of real estate. This in turn 
deleteriously affects the ?ll factor of an array of such a detec 
tors such that the area for the detectors may be as loW as 60% 
of the overall area. Detectors spaced apart in this position 
loWer the overall resolution of the array, it is therefore impor 
tant to be able to have a detector mounting system that ther 
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2 
mally isolates the detector from the substrate While at the 
same time occupying virtually no additional space in the 
lateral direction. 
One US. Patent Which attempts to provide for a small pixel 

high ?ll factor uncooled focal point array is that Which is 
described in US. Pat. No. 6,144,030. In this patent a thermal 
isolation structure is utiliZed to mount the detectors to a 
substrate. The thermal isolation structure is coupled to and 
spaced from the sensor Which involves connection to the 
optically absorptive material structure. In this patent it is said 
that the thermal isolation structure facilitates very high ?ll 
factors even When the pixel siZe is shrunk beloW the base line 
50-micron siZe. 

In essence What this patent shoWs is a serpentine structure 
underneath the photodetector Which provides the same type 
of thermal isolation as the serpentine conductors discussed 
above Which are to either side of the detector. HoWever, the 
thermal isolation structure While addressing ?ll factor fails to 
address the requirements of high frame rates or sensitivity. 

It Will be appreciated that the ideal thermal detector Would 
have a 100% conversion of thermal energy to an observable 
resistance or capacitance change or the generation of a volt 
age potential. In order to do so it is important that the detector 
be thermally isolated so that all the received thermal energy is 
converted. It is also desirable to have the detector quickly 
return to an equilibrium temperature after the termination of 
the readout pulse. These tWo requirements are in opposition. 

Note that for microbolometers the conversion e?iciency is 
only in the 2 to 4% range, making thermal isolation extremely 
important. 

To achieve increased sensitivity, loW thermal conductivity 
supports are used to hold the detecting material. HoW loW this 
can go is a problem if one Wants high frame rates. In opera 
tion, after a period of integration the resistance change is 
determined by applying a bias voltage and measuring the 
resulting current or by applying a pulse of current and detect 
ing voltage. This adds heat to the detector that must be dissi 
pated Within a short period of time for a high frame rate. For 
TV video frame rates at 60 Hertz, (e.g., 30 frames per second) 
this means that the device must settle in 16 milliseconds, e. g., 
the device must have a time constant of about 5 milliseconds. 
This requirement places a loWer limit on the thermal conduc 
tivity of the support structure, and thus negatively impacts 
sensitivity. 

SUMMARY OF THE INVENTION 

In the subject invention a thermoelectric bridge structure 
supports the detector and is used both to readout the detector 
as Well as cool it during the readout cycle. The thermoelectric 
bridge structure is an exceptionally good thermal insulator 
When current is not applied to it. Such a thermoelectric bridge 
thus thermally isolates the detector to improve sensitivity. 
Moreover, during readout, the thermoelectric bridge removes 
energy generated during the readout process. This permits 
increased frame rates due to the cooling. The use of the 
thermoelectric bridge thus solves the con?ict of demands on 
the support structure for the detectors. 

Put another Way, present day microbolometers have con 
?icting design requirements. Seekers and other high perfor 
mance imaging systems require high thermal sensitivity (loW 
NEAT), high frame rate and good spatial resolution. These 
con?icts can be seen by looking at the relationship of de?ning 
parameters for a microbolometer. 
The limit for the frame rate is governed by the thermal time 

constant "ETIC/G Where C is the heat capacity of a pixel and G 
is the thermal conductance of a pixel. The sensitivity, as 
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de?ned by NEAT, is proportional to l/R Where R is the 
responsivity of the detector. However, R is proportional to 
l/G Which means NEAT is proportional to G. This produces 
a con?ict and results in a compromised design. High sensi 
tivity requires G to be loW, but high frame rate requires G to be 
high. 

The thermoelectric bridge IR detector solves this dilemma 
by having a loW G during the imaging time for loW NEAT 
(high sensitivity) and a high G during the readout time 
enabling high frame rate. 

High resolution systems require that the pixels be made as 
small as possible for tWo reasons. Small pixels Will reduce the 
siZe of the optical system for a given resolution and reduces 
the physical siZe of the array to improve production yield. The 
sensitivity is also proportional to l/AD Where AD is the area of 
a pixel. Here again there is a con?ict in the siZe of the pixel. 
The thermoelectric bridge IR detector approach alloWs the 
pixels to be reduced While maintaining sensitivity. This is 
accomplished using tWo techniques enabled by this approach. 
First, the ?ll factor can remain high since the supporting 
structure is under the pixel. Second, the sensitivity can be 
improved by using a higher resistivity pixel element. Higher 
resistivity pixel elements are precluded in present technology 
due to the high joule heating (I2 R) and its effect on thermal 
time constant. 
More particularly, in the subject invention a high e?iciency 

thermoelectric bridge is used to support the detector, With the 
material in one embodiment being bismuth telluride that has 
the highest thermoelectric ?gure of merit or measure of e?i 
ciency. UtiliZing tWo support legs, the bias current that is used 
to readout the detector is at the same time used to cool the 
detector, With the cooling derived from the thermoelectric 
effect. This alloWs the decoupling of conductivity of the sup 
port With its thermal time constant. If the heat ?oW out, i.e., 
cooling, is matched to the heat deposited, then the devices can 
operate at very high frame rates for instance at hundreds to 
thousands of frames per second. 

In short, the heat generated during the readout of the detec 
tor is removed immediately after the instantaneous readout of 
the detector such that the detector is returned to an equilib 
rium thermal state very quickly. This means that the frame 
rates at Which the array may be operated are indeed increased 
to Well beyond 60 Hertz, effectively Well beyond a 30 frame 
per second frame rate. 
What one has done by thermally isolating the detector and 

nullifying the heat generated by the readout process is that the 
sensitivity of the array dramatically increased. This is 
because the thermal conductivity of the detector support is 
returned to its loW conductivity condition With the removal of 
current betWeen readout pulses. This isolates the detector for 
most of the integration of incoming IR radiation. 
When the readout current is applied to the bridge the detec 

tor is cooled due to the thermoelectric effect. This means that 
any temperature build up due to readout current is cancelled. 
The net result is that for a standard frame rate of 30 frames per 
second, the range of the array may be increased by a factor of 
three. Put another Way, there is an increase in contrast of the 
pixels corresponding to the detectors in the array. Either Way, 
sensitivity is dramatically increased. 

Also, by utiliZing the thermoelectric bridge support for 
each of the detectors, the detectors may be closely spaced 
together, since the readout apparatus is not betWeen the detec 
tors but rather underneath them. The result is a ?ll factor 
exceeding 90% Which results in a dramatic increase in reso 
lution for the array. 

The subject thermoelectric bridge support for uncooled 
focal point arrays has application in a number of situations. 
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4 
The ?rst application use is in tactical missile seekers. In these 
seekers one needs to drive the NEAT or sensitivity to neW 
heights, translating into increased range, While at the same 
time dramatically increasing the frame rate. The objective of 
utiliZing such a thermoelectric bridge support structure is to 
improve the NEAT to less than 10 mK. It is also important to 
be able to increase the ?ll factor to 90% and to increase the 
frame rate to over 100 HertZ. 

Focal point arrays constructed in accordance With the sub 
ject invention have application in precision attack missiles, 
common missiles such as hell-?re missiles, loW cost precision 
kill devices and guided sub-munitions. Also included in the 
types of applications for the subject focal point array are 
missile defense seekers. 

Being able to increase both the sensitivity and the resolu 
tion of an IR focal point array is also important in commercial 
and public safety arenas, for instance, for ?re ?ghting. It is 
oftentimes necessary to penetrate dense smoke in order to 
detect the presence of an individual, and adequate resolution 
is critical for this purpose. The higher sensitivity of the sub 
ject focal plane arrays makes them ideal for this purpose. Of 
course, battle?eld smoke is alWays a problem and the utiliZa 
tion of such a focal point array having suf?cient resolution is 
critical to battle?eld scenarios. 

Equally as important is the frame rate. In missile seekers, 
the change in the IR image is quite signi?cant due to the 
relative speed of the missile With respect to an intended target. 
It is important to be able to detect the target at high frame 
rates, thus to be able to minimiZe the effect of frame rate on 
target acquisition. 
The key bene?ts of the thermoelectric bridge support is 

?rst and foremost loW thermal conductance of a pixel G and 
improved NEAT. Also important is the decoupling of G and 
time constant. This eliminates frame rate limitations due to 
the readout integrated circuit, ROIC, and available poWer. A 
third bene?t is the improved ?ll factor noted above, Whereas 
the fourth key bene?t is the improvement over bulk properties 
of materials used to mount the detector. One expects a four 
times improvement Which Will alloW one thermoelectric 
module, i.e., an N and P device, to balance heat up to 0.85 
volts of bias. 

Note that by utiliZing bismuth telluride, one can quickly 
bring the detector back to an equilibrium temperature due to 
the exceptional thermal ef?ciency of bismuth telluride. 

Importantly, With the ability to increase the frame rate from 
60 HBITZ to 200 HertZ, and doing so Without compromising 
sensitivity is indeed a breakthrough. 
When the subject focal point array is used as an IR camera, 

the camera converts the long Wave infrared LWIR from the 
scene into a digital video stream that is forWarded to a target 
acquisition unit. The camera vieWs the scene through a lens in 
a protective dome in one embodiment, With the camera con 
taining the subject focal point array to sense the IR signal. The 
lens focuses the IR image onto the focal point array and maps 
the required scene ?eld of vieW to the focal point array geom 
etry. The focal point array constitutes an uncooled microbo 
lometer and readout integrated circuit that converts the IR 
signal to a 320x240 digital image at a 200 HertZ, or better, 
rate. 

UtiliZing the subject focal point array, applications include 
thermography, Weapon stations, helmet sights, unattended 
sensors, surveillance, Weapon sights, ?re ?ghting, and use on 
a Wide variety of infantry carrier vehicles. 

In summary, an IR detector for use in an array of detectors 
is provided With better thermal sensitivity resulting in 
increased range and increased contrast by utiliZing a support 
structure for the detector made from thermoelectric material 
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supports Which thermally isolates the detectors between read 
out pulses and then transports heat aWay from the detecting 
material during each readout pulse just after taking a reading. 
By removing heat thermoelectrically from the detector, 
detector sensitivity is improved, higher frame rates are 
achievable and an improved ?ll factor results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the subject invention Will be 
better understood in connection With the Detailed Description 
in conjunction With the DraWings, of Which: 

FIG. 1 is a diagrammatic illustration of an IR detector for 
use in a focal plane array shoWing the detector electrically 
coupled to a read out integrated circuit through the use of 
serpentine conductors; 

FIG. 2 is a diagrammatic illustration of a portion of a focal 
plane array composed of the detectors of FIG. 1; 

FIG. 3 is a diagrammatic illustration of a complete focal 
plane array utiliZing bolometer detectors shoWing an 
exploded vieW of one of the detectors as Well as portions of 
the array including a bolometer uniformity correction circuit 
block, preampliers, a 14 bit A/D converter and data latches; 

FIG. 4 is a block diagram illustrating the utiliZation of a 
focal plane array positioned betWeen an array of lenses and a 
read out integrated circuit; 

FIG. 5 is a diagrammatic illustration of one of the detectors, 
illustrating the utiliZation of a thermoelectric stabiliZer as part 
of the heat sink on Which is mounted a read out integrated, 
circuit on top Which is a mounted an IR detector; 

FIG. 6 is a schematic diagram of the read out of the IR 
detector of FIG. 1, illustrating the utiliZation of a current pulse 
to read out a resistance element; 

FIG. 7 is a diagrammatic illustration of the subject thermo 
electric bridge structure in Which a resistance layer is sup 
ported by tWo legs of opposite conductivity type such that 
When a read out pulse is applied to the resistive layer through 
the semiconductor legs, the read current develops voltages 
indicating the intensity of incident infrared radiation, While at 
the same time providing that the legs are cooled by the current 
due to the thermoelectric effect; 

FIG. 8 is a Waveform diagram illustrating the current pulse 
provided to the resistance of layer of FIG. 7, also illustrating 
the voltage readout as Well as the time that heat is removed 
due to the thermoelectric effect during the particular duty 
cycle; 

FIG. 9 is a Waveform diagram illustrating that Within a duty 
cycle that incorporates the integration time, the readout cur 
rent is cycled once every 33.3 milliseconds corresponding to 
a 30 frame-per-second read out frame rate; 

FIG. 10 is a Waveform diagram of the duty cycle for a one 
millisecond integration time Which corresponds to a 300 
frame-per-second frame rate; and, 

FIG. 11 is a diagrammatic representation of the ?ll factor 
utiliZing the serpentine sensor support mechanism of FIG. 1, 
versus the thermoelectric bridge mechanism of FIG. 7. 

DETAILED DESCRIPTION 

Referring noW to FIG. 1, a detector element 10 of an IR 
focal plane array mounted to a readout integrated circuit 14 
through the use of thin serpentine electrical conductors 16 
Which serve to thermally isolate detector 12 from substrate 
14. An array of 20 of such detectors is illustrated in FIG. 2 
Which shoWs that the individual detectors are arranged side by 
side. 
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6 
Referring to FIG. 3, the entire array 20 is illustrated With an 

inset of an individual detector 10 being illustrated. Here it can 
be seen that the array constitutes a bolometer microbridge 
?eld 21, in one embodiment a 320x240 array. 

Referring to FIG. 4, incident infrared radiation is imaged 
onto detector 10 through imaging lenses 22, With the each 
detector being readout by a read out integrated circuit 24 the 
output of Which is coupled to image processing 26. Included 
in the read out are the bolometer uniformity correction cir 
cuits 28, preampi?ers 30, 14 bit analog-to-digital convertors 
32, and data latches 34. 

As illustrated in FIG. 5, detector 10 is schematically shoWn 
atop a substrate 40 Which lies atop a readout integrated circuit 
42. The purpose of the read out integrated circuit is to probe 
detector 10 With current pulses to read out the change in 
voltage due to incident infrared radiation. In order that the 
sensitivity of the detector be maximized, it is required that the 
detector be attached to substrate 40 through the use of poor 
thermal conductivity conductors or Wires 44 that are attached 
at tWo points 46 and 48 to the detector. The aforementioned 
probing current is then applied across the resistive element of 
the detector by application of the current across these tWo 
points. The tWo points include pads on the detector itself, 
Which are in turn coupled by conductors 44 to respective pads 
50 and 52 on substrate 40. The poor thermal conductivity of 
these conductors is required for tWo reasons. The ?rst is so 
that Whatever IR energy is incident on the detector is not 
corrupted by the temperature of substrate 40. These tWo poor 
thermal conductivity conductors thermally isolate detector 1 0 
from substrate 40 and the remainder of the circuits. 

As Will be discussed, probing the detector With a current 
results in heating of the resistive element. It is therefore 
important that any heat Which is built up at detector 10 not be 
transmitted to substrate 40. Likewise it is important that any 
heat generated by the remainder of the circuits not be trans 
mitted to detector 10. In order to do this a cool heat sink 54 
Which is thermoelectrically stabiliZed to be at 30-400 C. is 
utiliZed to make detector 10 thermally independent of its 
surrounding. 

Referring noW to FIG. 6, a resistive element 60 in detector 
10 is coupled to readout circuit 62 Which generates a current, 
I, that moves through resistive element 60 as illustrated by 
arroWs 64. The voltage established at 66 betWeen conductor 
68 and ground measures the change in resistance of resistive 
element 60 due to incoming radiation or ?ux 69. 

It Will be appreciated that incident infrared radiation or ?ux 
heats up resistive element 60 as does the probing current used 
in its readout. Thus When one has a probing current one 
generates heat. 

In order to readout the resistive element, one induces cur 
rent through application of a 50 microsecond current pulse 
and then one reads out the voltage during the ?rst portion of 
the current pulse. Thereafter, one removes the current, at 
Which time that it is important that the temperature increase 
generated by the readout pulse be dissipated as rapidly as 
possible to bring the detector back to equilibrium. The read 
out and cool doWn is done during the 50 microsecond current 
pulse. Note that the temperature Which must be dissipated is 
a result of the current plus the incident ?ux. 

It Will be appreciated that one has to Wait until the detector 
is cooled doWn betWeen cycles and therefore one needs a 
good thermoconductor to remove this heat in order to achieve 
a high frame rate. Thus is done during the readout pulse Which 
cools the thermoelectric bridge. 
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If the detector is to be read out at 30 frames per second 
corresponding to 60 Hertz, the duty cycle is 16.6 milliseconds 
long, and it is during this integration time that the incoming IR 
?ux is built up at the detector. 
As mentioned hereinbefore, utiliZing a high ther'mocon 

ductivity support for the detector While permitting higher 
frame rates dramatically reduces sensitivity. 

Referring noW to FIG. 7, in order to provide a high sensi 
tivity detector While at the same time providing for a high 
frame rate, in the subject invention a thermoelectric bridge 70 
supports a detector comprised of a resistive layer 80 on a 
support 82 Which is an turn supported by semiconductive legs 
84 and 86 of opposite conductivity type. In a preferred 
embodiment these legs are made of bismuth telluride and are 
doped respectively to be an N-type material and a P-type 
material. In one embodiment, the resistive layer 80 is 50 
nanometers in thickness and the support is approximately 300 
nanometers in thickness. 

Legs 84 and 86 are connected to a silicon substrate 88 at 
conductive pads 90 and 92 as illustrated. 

The readout pulse is generated at readout unit 62 Which 
includes a pulse 100, the current of Which goes upWardly as 
illustrated by arroW 102, through N-type leg 84 through resis 
tive layer 80 and doWn through P-type leg 86 as illustrated by 
arroW 104. With current in this direction, the legs are cooled. 
This extracts heat from the resistive layer and support layer. 
At the same time voltage measured at 106 provides an 

instantaneous readout of the ?ux incident on resistive layer 80 
With the beginning of the current pulse. 

Referring to FIG. 8, the current pulse 100 is illustrated as 
having a pulse length indicated by doubled ended arroW 110, 
and is typically 50 milliseconds. The voltage is readout at the 
leading edge of pulse 100 here illustrated as 112 slightly 
offset from this time by an amount illustrated by an arroW 
114. The voltage readout is illustrated at 116, after Which heat 
is removed from the resistive layer through the thermoelectric 
effect during the length of time illustrated by arroW 118 until 
the pulse is turned off. Thereafter, the bismuth telluride bridge 
becomes thermally non-conductive or at least returns to its 
original loW thermal conductivity. 

Referring noW to FIG. 9, assuming a duty cycle for the 
readout pulses of 10 milliseconds illustrated by Wave form 
120, then the read out current pulses 122 are separated by an 
integration interval, in one embodiment at 10 milliseconds as 
illustrated at 124. This readout interval or integration interval 
is used for the detector to collect incoming reduction. At this 
point the thermal coe?icient of the support members is meant 
to be quite loW making the support a very poor thermal 
conductor. This is the case When no current is ?oWing. The 
loWer the thermal coef?cient, the higher the sensitivity. 

Referring to FIG. 10, if one can reduce the inter sample 
time to 1 millisecond as illustrated by pulses 122', then the 
frame rate can be as high as 1,000 Hertz. 

As can be seen from FIG. 11 a detector 10 having the 
serpentine conductor structure 130 illustrated requires a good 
deal of space betWeen each of the detectors in order for the 
serpentine conductors to exist laterally to either side of the 
detector. HoWever, With the thermoelectric bridge 70 mount 
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ing system of FIG. 7, detectors 10 maybe spaced adjacent to 
each other, With the connections to the detector at 132 and 134 
being underneath the detector, thus alloWing the detectors 
themselves to be tightly packed. 
The ?ll factor associated With the mounting system using 

the serpentine conductors is 60%. When going to the thermo 
electric bridge support structure of FIG. 7 the ?ll factor goes 
close to 90%. 

This being the case the thermoelectric bridge structure for 
supporting individual detectors in an IR focal plane array 
results in a both increased sensitivity equivalent to increasing 
the detection range of the array by a factor of 3, and a dramatic 
increase in frame rate. 

Having noW described a feW embodiments of the invention, 
and some modi?cations and variations thereto, it should be 
apparent to those skilled in the art that the foregoing is merely 
illustrative and not limiting, having been presented by the 
Way of example only. Numerous modi?cations and other 
embodiments are Within the scope of one of ordinary skill in 
the art and are contemplated as falling Within the scope of the 
invention as limited only by the appended claims and equiva 
lents thereto. 
What is claimed is: 
1. A method for improving sensitivity of an infrared detec 

tor having an array of detectors including supporting legs, 
comprising the steps of: 

using a number of detectors, each including a thermoelec 
tric bridge support having opposite conductivity type 
legs of semiconductor material to support the associated 
detector; and, 

reading out each of the detectors by applying a current 
pulse through the legs in one direction, With the voltage 
associated With the leading edge reading out the detector 
and With the remainder of the pulse resulting in thermo 
electric cooling of the legs alter readout, thereby to 
remove heat from the detector to provide a loW NEDT 
for high sensitivity. 

2. A method for decreasing the siZe of detectors in an 
infrared detector array, comprising the steps of: 

providing the detector of the array With a thermoelectric 
bridge support for each of the detectors, the bridge sup 
port having a pair of legs of opposite conductivity type 
semiconductor material; 

applying a pulsed current Waveform that performs a 
sWitching function, With the current applied through the 
thermoelectric bridge legs to initially readout a detector 
by a voltage associated With a leading edge of a pulse 
and to subsequently cool the detector such that the same 
pulsed Waveform is used to readout and cool the detec 
tor, the thermoelectric bridge located beneath a detector 
so as to achieve a good ?ll factor. 

3. The method of claim 2, Wherein the detector array has 
elements and Wherein the array includes reduced spacing for 
the elements to decrease in the siZe of the siZe of the array as 
the result of using the thermoelectric bridge beloW a detector, 
thus to reduce siZe, Weight and cost of a sensor utiliZing the 
infrared detector array. 

* * * * * 


